Introduction
============

During the past few decades, randomized controlled trials have demonstrated that coronary revascularization relieves symptoms but fails to improve survival in patients with stable coronary artery disease (CAD).^\[[@R1],[@R2]\]^ Considering that no benefit to survival has been observed and the potential complications and extra cost from the procedures have remained, the appropriateness of coronary revascularization has frequently been highlighted in stable CAD patients.^\[[@R3]\]^

Thus, as a supplement to clinical guidelines and to optimize the quality of clinical practice, appropriate use criteria (AUC) for coronary revascularization has been released in the United States, Europe, Japan, and China.^\[[@R4]--[@R6]\]^ As AUC integrates evidence, guidelines, and clinician experience to optimize physician decision-making, it is important to validate the association between AUC adherence and clinical outcomes before use is widespread. The international AUC (US AUC) was first released by the American College of Cardiology Foundation and six other societies in 2009 and then validated by real-world data to show that AUC adherence was associated with better outcomes and quality of life.^\[[@R7],[@R8]\]^ These studies have established the foundation for US AUC application in real-world practice.

In China, the rapid development of coronary revascularization and the imbalance ratio (17:1 in 2017) of percutaneous coronary intervention (PCI) and coronary artery bypass graft (CABG) have rekindled interest in improving the appropriate indications for coronary revascularization.^\[[@R9]--[@R11]\]^ However, US AUC may not be applicable to the Chinese population, as Chinese researches and high-frequency clinical scenarios may differ from those of US.^\[[@R12]\]^ Thus, the Chinese AUC system was designed and published in 2016 according to Chinese clinical practice.^\[[@R13]\]^ However, no study exists to validate Chinese AUC. Therefore, our study aimed to evaluate the association between the appropriateness of coronary revascularization based on Chinese AUC and long-term outcomes in patients with stable CAD.

Methods
=======

Ethical approval
----------------

Our study protocol was approved by the Ethics Committees of all four participating centers (Fuwai Hospital, No. 2016-778; Peking University People\'s Hospital, No. 2016PHB134-01; Beijing Chao-Yang Hospital, No. 2016-160; Peking Union Medical College Hospital, No. B177). All eligible patients provided informed consent for this study before undergoing coronary angiography.

Development of the Chinese AUC
------------------------------

In China, a domestic AUC for coronary revascularization was published in 2016, which drew off of experience from the 2012 US AUC methodology \[Supplementary Materials\].^\[[@R13],[@R14]\]^ In consideration of differences in Chinese clinical practice, two major changes were made to the 2012 US AUC methodology: (1) a panel of 24 nationally recognized experts were recruited for final recommendations based on both Chinese and foreign literature including six interventional cardiologists, six cardiac surgeons, 12 non-interventional cardiologists, physicians, and statistical and clinical trial design experts; (2) stress test results were classified into "not performed," "positive findings," and "negative findings."

Study design
------------

This study was a prospective, multi-center cohort study designed to evaluate the association between appropriate coronary revascularization based on Chinese AUC and 1-year outcomes. The study was registered at ClinicalTrials.gov (No. NCT02880605).

Participants
------------

To be eligible for inclusion, patients needed to have stable CAD according to the National Cardiovascular Data Registry CathPCI criteria (stable angina, no or silent myocardial ischemia) and at least one coronary lesion stenosis ≥50% determined by elective coronary angiography. Exclusion criteria included prior CABG and those with no corresponding indications in the Chinese AUC. The study participants were enrolled from four big tertiary cardiac centers in Beijing, China. This study sample represented nearly 12% of all PCIs performed in the Beijing region at the time of the study.^\[[@R15]\]^

Study groups
------------

After providing informed consent, eligible participants were consecutively enrolled in the study. All enrolled patients were divided into three groups according to Chinese AUC recommendations: the appropriate indication group, the uncertain indication group, and the inappropriate indication group. In each of the three groups, patients were then divided into the coronary revascularization group and the medical therapy group according to the treatment received. Two investigators who did not participate in data collection independently reviewed the clinical characteristics of each enrolled patient and classified them into appropriate, inappropriate, or uncertain indication according to Chinese AUC. Any disputes were settled via review by a third investigator, with decision by consensus.

Data collection
---------------

Well-trained research nurses interviewed patients during their index hospitalization to collect clinical information focused on data used in Chinese AUC that included: (1) clinical presentation; (2) Canadian Cardiovascular Society (CCS) class; and (3) intensity of anti-ischemic medical therapy. Other Chinese AUC-related data were collected by medical record abstraction, including extent of coronary disease, stress test results, and left ventricular ejection fraction. Patients' demographic, clinical, and procedural characteristics were collected via medical record.

Follow-up process
-----------------

After 1 year, all participants in the present study were contacted by the research staff via telephone or mail using standard procedures and forms. In the scenarios where participants reported any adverse events after hospital discharge, their medical records were reviewed for further confirmation. All adverse events of interest were carefully verified and adjudicated by independent clinicians.

Outcome measurements
--------------------

The primary outcomes were major adverse cardiac and cerebrovascular events (MACCEs) at 1 year which were defined as a composite of all-cause death, non-fatal myocardial infarction, stroke, repeat revascularization, and ischemic symptoms with hospital admission. Secondary outcome measures included the following: (1) all-cause death, (2) non-fatal myocardial infarction, (3) stroke, (4) repeat revascularization, (5) ischemic symptoms with hospital admission. An independent clinical events committee (including cardiologists and cardiac surgeons) adjudicated on all the clinical outcomes. Definitions of the outcomes are provided in Supplementary Materials.

Statistical analysis
--------------------

Data are presented as the mean ± standard deviation for continuous variables and as percentages for categorical variables. Baseline characteristics between the coronary revascularization group and the medical therapy group were compared using Chi-square or Fisher exact tests for categorical variables and *t* tests or the Mann-Whitney *U* test for continuous variables.

Univariate and multivariate Cox proportional hazards models were used to examine the associations between treatment appropriateness and clinical outcomes. Variables in baseline characteristics with a *P* \< 0.1 in univariate analysis and clinically important variables were included in the multivariate models. In sensitivity analysis, a propensity score was generated for each patient by a multivariable stepwise logistic regression model using all baseline variables with treatment strategy (revascularization *vs.* medical therapy) as a binary outcome.

All comparisons were two-sided, with statistical significance defined as *P* less than 0.05. Analyses were calculated using SPSS version 22.0 (IBM Corp, New York, NY, USA).

Results
=======

Study participants
------------------

Study enrollment is presented in Figure [1](#F1){ref-type="fig"}. There were 6330 patients with stable CAD and at least one coronary lesion stenosis ≥50% from August 2016 to August 2017. We excluded 150 patients with prior CABG, 80 patients without corresponding indications in Chinese AUC and 15 patients with a lack of CCS classification data. In the end, 6085 patients were enrolled in the present study, including 1617 patients (26.6%) in the appropriate indication group, 2658 (43.7%) in the uncertain indication group, and 1810 (29.7%) in the inappropriate indication group. Of the 1617 patients who had appropriate indications, coronary revascularization was performed on 1252 patients, with 1053 receiving a PCI and 199 receiving a CABG. Of the 2658 patient who had uncertain indications, coronary revascularization was performed on 1966 patients, with 1871 receiving a PCI and 95 receiving a CABG. Of the 1810 patients who had inappropriate indications, coronary revascularization was performed in 762 patients, with 753 receiving a PCI and 9 receiving a CABG.

![Study flowchart for this prospective, multi-center cohort study of stable CAD patients with coronary lesion stenosis ≥50%. AUC: Appropriate use criteria; CABG: Coronary artery bypass graft; CCS: Canadian Cardiovascular Society; PCI: Percutaneous coronary intervention; CAD: Coronary artery disease.](cm9-133-001-g001){#F1}

Baseline characteristics according to treatment and appropriateness categories
------------------------------------------------------------------------------

The baseline characteristics of patients treated with coronary revascularization or medical therapy, stratified by appropriateness categories, are shown in Table [1](#T1){ref-type="table"}. Among patients with appropriate indications, those who received coronary revascularization were younger, more likely to be male, more likely to have severe coronary diseases, lower CCS class, lower left ventricular ejection fraction (LVEF) and were less likely to have cardiac risk factors than those who received medical therapy. Similar trends were also observed in the baseline characteristics among patients with uncertain indications. Among patients with inappropriate indications, those who received coronary revascularization were younger, more likely to have three-vessel diseases, higher CCS class, higher LVEF, and fewer prior myocardial infarctions.

###### 

Clinical characteristics according to appropriateness categories and initial treatment.

![](cm9-133-001-g002)

Association between coronary revascularization and outcomes according to appropriateness categories
---------------------------------------------------------------------------------------------------

Among patients who had appropriate indications for coronary revascularization, 1-year MACCEs rates among the coronary revascularization group and medical therapy group were 9.7% and 15.9% respectively \[Table [2](#T2){ref-type="table"}\]. Coronary revascularization was associated with a lower hazard of MACCEs after adjusting for patient baseline characteristics (adjusted hazard ratio \[HR\]: 0.62, 95% confidence interval \[CI\]: 0.45--0.86; *P* = 0.004). At 1 year, coronary revascularization also significantly reduced the adjusted hazard of repeat revascularization (3.0% *vs.* 7.9%, adjusted HR: 0.36, 95% CI: 0.22--0.59; *P* \< 0.001) and the development of ischemic symptoms with hospital admission (5.9% *vs.* 10.7%, adjusted HR: 0.51, 95% CI: 0.34--0.77; *P* = 0.001) compared with the medical therapy group. In a sub-group analysis of patients without stress test results, coronary revascularization still reduced 1-year MACCEs compared with medical therapy in patients with appropriate indications \[Table [3](#T3){ref-type="table"}\].

###### 

One-year outcomes according to appropriateness classification and initial treatment.

![](cm9-133-001-g003)

###### 

One-year MACCEs according to appropriateness classification and initial treatment in patients without stress test results.

![](cm9-133-001-g004)

In the uncertain indication category, 1-year MACCE rates among the coronary revascularization group and medical therapy group were 7.1% and 7.5%, respectively. No significant reduction in 1-year MACCEs was observed in the coronary revascularization group compared with that in the medical therapy group (adjusted HR: 0.81, 95% CI: 0.52--1.25; *P* = 0.338). There were no significant differences in adjusted 1-year death, myocardial infarction, stroke, repeat revascularization, or development of ischemic symptoms with hospital admission between the coronary revascularization group and the medical therapy group \[Table [2](#T2){ref-type="table"}\].

In the inappropriate indication category, 1-year MACCE rates among the coronary revascularization group and the medical therapy group were 4.2% and 5.3%, respectively. There was no significant difference in the adjusted 1-year MACCEs between the two groups (adjusted HR: 0.80, 95% CI: 0.51--1.23; *P* = 0.308). No significant differences were found in adjusted 1-year death, myocardial infarction, stroke, repeat revascularization, or ischemic symptoms with hospital admission between the two groups \[Table [2](#T2){ref-type="table"}\].

In the sensitivity analysis using propensity score matching, there were no significant differences in baseline characteristics between the revascularization group and the medical therapy group among all AUC categories \[Supplementary Table 1\]. Compared with medical therapy, revascularization continued to be associated with a lower hazard of 1-year MACCEs in patients with appropriate indications \[Figure [2](#F2){ref-type="fig"}\]. And there were still no differences in 1-year MACCEs between the patients with either uncertain or inappropriate indications \[Figure [2](#F2){ref-type="fig"}\].

![Cumulative incidence of the primary endpoint of initial and propensity score-matched cohorts. Kaplan-Meier curves are shown for 1-year MACCE among initial (A) and propensity score-matched (B) cohorts. HR: Hazard ratio; MACE: Major adverse cardiac events.](cm9-133-001-g005){#F2}

Discussion
==========

In this prospective, multi-center, cohort study, we have provided validation for Chinese AUC by demonstrating that coronary revascularization among patients with appropriate indications was associated with significantly reduced risk of 1-year MACCEs compared with that in those who received medical therapy. In contrast, there were no significant differences in 1-year MACCEs between coronary revascularization and medical therapy in patients with uncertain or inappropriate indications.

AUC methodology has been widely accepted as a tool for determining the inappropriateness of coronary revascularization in both western and eastern countries.^\[[@R4]--[@R6]\]^ In China, the rapid increase of revascularization procedures (nearly 800,000 in 2017) and disproportionate use of PCI over CABG (17:1 in 2017) has raised critical concerns about procedural inappropriateness.^\[[@R9]--[@R11]\]^ Thus, the Chinese AUC was released in 2016, which followed the methodology of the 2012 US AUC with additional innovations. First, a larger and more comprehensive rating panel was invited to determine final appropriateness categories based on both Chinese and foreign literature. Second, the Chinese AUC added the category "stress test not performed" as limited medical resources and potential risks make stress test use in China rare. It is important to also note that the development of the Chinese AUC makes use of AUC methodology to standardize clinical practices that could be used in different regions.

Validating the AUC is an essential step for providing real-world support for AUC methodology.^\[[@R16]\]^ Evaluation of the association between AUC adherence and improved outcomes is necessary, as many AUC scenarios lack high-quality evidence. Two studies previously validated the 2009 US AUC and observed that coronary revascularization was associated with a lower risk of adverse outcomes in stable CAD patients with appropriate indications.^\[[@R7],[@R8]\]^ Additionally, there were no significant differences in the adverse outcomes between coronary revascularization and medical therapy in the uncertain and inappropriate categories.^\[[@R7],[@R8]\]^ In the present study to validate the Chinese AUC, we demonstrated that AUC adherence was significantly associated with a lower adjusted hazard of 1-year MACCEs in patients with appropriate indications. We also found that the use of medical therapy for patients with uncertain and inappropriate indications may decrease the use of medical resources without increasing adverse events. These results were consistent with previous studies for US AUC validation and demonstrated another successful practice of AUC methodology. However, as a tool of quality measurement, the clinical scenario design should be evaluated for its accurate representation of most situations seen by cardiovascular professionals.^\[[@R17]\]^ In the present study, only 1.3% of patients were unmappable with the Chinese AUC, which demonstrated that the Chinese AUC was practical. The knowledge generated from our study has additional international value, as our successful assessment of the Chinese AUC could be a good example for incorporating AUC methodology at the local and national levels.

It should be noted that revascularization was associated with an increased adjusted risk of myocardial infarction in patients with uncertain (1.4% *vs.* 0.2%) and inappropriate (1.2% *vs.* 0%) indications. These results were consistent with the COURAGE trial which demonstrated that periprocedural myocardial infarction was higher in the PCI group compared with the medical therapy group (3.0% *vs.* 0.8%).^\[[@R1]\]^ However, there were no differences in the risk of myocardial infarction between the two groups in the final 4.6-year follow-up.^\[[@R1]\]^ Thus, further results with longer follow-ups are still necessary to assess the association between revascularization and myocardial infarction in patients with uncertain and inappropriate indications.

The major difference between the Chinese and the US AUC was the addition of the "stress tests not performed" category in the Chinese AUC. Although the guideline for decision-making in patients with stable CAD recommends a risk stratification of stress, recent evidence demonstrates that coronary revascularization without guidance from non-invasive test results was also able to improve prognosis in stable CAD patients.^\[[@R18]\]^ For example, compared with medical therapy, fractional flow reserve (FFR) guided PCI was found to reduce 1-year MACCEs in patients with stable CAD in the FAME II trial, and PCI was found to improve long-term prognosis during the 3.3-year follow-up in patients with stable low-risk CAD in the JSAP trial.^\[[@R19],[@R20]\]^ These results were consistent with sub-group analysis of patients without stress test results in the present study, showing that coronary revascularization reduced the risk of 1-year MACCEs compared with medical therapy in patients with appropriate indications \[Table [3](#T3){ref-type="table"}\]. These results may further support the effectiveness of Chinese AUC.

Remarkably, only 26.6% of the patients in our study had appropriate indications for revascularization, whereas 43.7% had uncertain indications and 29.7% had inappropriate indications. This percentage differed quite dramatically from the previous Canadian study data demonstrating 60.9% of patients with appropriate indications, 20% with uncertain indications, and 19.1% with inappropriate indications.^\[[@R7]\]^ This may be attributed to several factors. First, patients in our study were less likely to have severe angina symptoms and had fewer anti-anginal medications. According to the AUC or clinical guidelines, these patients were more likely to be recommended for intensive medical therapy.^\[[@R4],[@R14]\]^ Second, nearly 97% of patients had no stress test results in our study. Among all 36 of the Chinese AUC recommendations for patients without stress tests results, only 13 scenarios were categorized as appropriate indications \[Supplementary Materials\].^\[[@R12]\]^ Thus only 17.5% (927/5298) of patients without stress test results were categorized as having appropriate indications, which reduced the total rate. These reasons might explain the lower rate of appropriate indications in our study. Furthermore, these results might partly reflect that pre-operative assessment for revascularization might be insufficient in China. Further study is still necessary to confirm these results and to improve the decision-making process.

The Chinese AUC may be applicable not only in China but also in many other countries. The recent 2017 US AUC emphasized non-invasive testing for ischemia and FFR to aid in decision making.^\[[@R4]\]^ This may limit the utilization of the US AUC internationally. For instance, in India, Japan, and China, the lack of stress test results has made a large number of patients unmappable in the US AUC.^\[[@R6],[@R21],[@R22]\]^ Additionally, the utilization of FFR was unattainable due to the cost.^\[[@R4]\]^ Even in developed countries such as the USA, FFR-guided PCI accounted for only 2% of the PCIs performed in 2012.^\[[@R23]\]^ Although the recent US AUC followed the most advanced evidence and guidelines, it may fail to represent most situations seen in clinical practices in regions with insufficient stress test and FFR utilization.^\[[@R24]\]^ In these regions, use of the Chinese AUC may be considered more appropriate for decision-making or could be regarded as a quality measurement tool.

Our study has several limitations. First, patients in all cohorts were not randomized, and the heavy bias on grouping is worth noting. This point is further demonstrated by the differences in baseline characteristics between the revascularization and the medical therapy groups in Table [1](#T1){ref-type="table"}. Thus, we have prospectively collected confounding variables and adjusted for these data in statistical analysis. Furthermore, we used both multivariate Cox proportional hazards and propensity score-matched models to adjust for the selection bias and confounding variables. Results from the two models drew the same conclusions. Second, we did not evaluate the benefit of quality of life and symptomatic relief after coronary revascularization in all the AUC categories. Third, as a physician-driven tool, the use of CCS classification should be regarded as a limitation. Thus, we trained research nurses to collect the most accurate symptom data possible from the patients by interviewing them during their index hospitalizations.

Using the Chinese AUC for coronary revascularization, we identified that coronary revascularization was significantly associated with lower risk of 1-year adverse outcomes in patients categorized as having appropriate indications. Coronary revascularization had no benefit in 1-year clinical outcomes in patients rated as having uncertain or inappropriate indications. These findings support the Chinese AUC to guide optimal decision-making for patients with stable CAD.
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